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IURPUHI E$VFKHPDWLF LOOXVWUDWLRQRI WKHJURZWKSURFHVV IRU7ƍDQG+0R7HXVLQJ0RDQG












6(0LPDJHRI WZROD\HU0R6)(7DUUD\VDQG ,6'í96'FXUYHVREWDLQHGIURP WKH¿UVWDQGVHFRQG
OD\HUVRI0R6)(7VUHVSHFWLYHO\ERWWRP5HSURGXFHGIURPUHI
)LJXUH D 6FKHPDWLFRI WKH V\QWKHVLV SURFHVV IRU ERWK YHUWLFDO DQG ODWHUDO KHWHURVWUXFWXUHV E

















































)LJXUH  D$)0 WRSRJUDSK\ LPDJH DQG KHLJKW SURILOH ZKLWH GRWWHG OLQH LQ WRSRJUDSK\ LPDJH
PHDVXUHGRQWKHVDPHVDPSOHLQ)LJXUHFEH=RRPHGLQ6(DQG%6(PRGH6(0LPDJHVIURP
ZKLWHGRWWHGER[HVLQ)LJXUHFDQGHUHVSHFWLYHO\



























)LJXUH  D 6(0 LPDJHV RI :6 IODNHV GLUHFWO\ JURZQ RQ D JUDSKHQH WHPSODWH ,QVHW WKH
FRUUHVSRQGLQJVFKHPDWLFLOOXVWUDWLRQIRU%DQG':6IODNHVPDUNHGDXVLQJEOXHDQGUHGFLUFOHV


















RI I DQG J%OXH DQG UHG VKDGHG DUHDV LQ J LQGLFDWH HOHFWURQ VKDULQJ EHWZHHQ:6 IODNHV DQG
JUDSKHQHZLWK:DWRPLFEULGJH

































LQYHVWLJDWHG EH\RQGJUDSKHQH LQ UHFHQW \HDUV (VSHFLDOO\ JURXS  WUDQVLWLRQPHWDO GLFKDOFRJHQLGHV
UHSUHVHQWHGE\WKHIRUPXOD0;0 0RDQG:DQG; 66HDQG7HKDYHRSHQHGQHZYLHZSRLQWV










V\QWKHVLV RI KLJK FU\VWDOOLQLW\ JUDSKHQH DQG RWKHU ' YG: PDWHULDOV   ZLWK ORZ GHIHFW
FRQFHQWUDWLRQIRUSUDFWLFDODSSOLFDWLRQVVXFKDVIOH[LEOHHOHFWURQLFDQGRSWRHOHFWURQLFGHYLFHVVHQVRUV






IRU WKHLU RSWRHOHFWURQLF DQG HOHFWURQLF DSSOLFDWLRQV+RZHYHU LQ&9' V\QWKHVLV RI ' YG: ILOPV





































































































































REVHUYHG LQ JUDSKHQH DQG YDULRXV '70' V\QWKHVLV %HFDXVH WKH QXFOHDWLRQ RI D OD\HU UHTXLUHV
RYHUFRPLQJKLJKHQHUJ\EDUULHUVKLJKVXSHUVDWXUDWLRQFRQGLWLRQVDUHKLJKO\LPSRUWDQWIRUWKHLQLWLDWLRQ
RI QXFOHDWLRQ DQG IRU WKH DSSURSULDWH FU\VWDO JURZWK UDWH IRU /%/PRGHO ,Q WKH V\QWKHVLV RI '
PDWHULDOV XVLQJ &9' SURFHVV VXLWDEOH FRQFHQWUDWLRQ FRQWURO RI WKH UHDFWDQWV JLYHV SUHFLVH
FRQWUROODELOLW\RIWKHQXPEHURIOD\HUVDQGOD\HUHGYHUWLFDOKHWHURVWUXFWXUHV3UHYLRXVO\6''PRGHO
ZDVPDLQO\SUHVHQWHGLQWKHV\QWKHVLVRI'R[LGHVDQGQLWULGHVLQWKHVROYHQW0HDQZKLOHUHFHQW
















WKHLU QXFOHDWLRQ DQG JURZWK RQ WKH WDUJHW VXEVWUDWH ,Q SDUWLFXODU&9'SURFHVVPXVW EH DEOH WR L
WUDQVSRUWWKHUHDFWDQWVZLWKFDUULHUJDVHVLQWRWKHJURZWKFKDPEHULLSURYLGHVXIILFLHQWHQHUJ\IRUWKH









LQ FRQYHUWLQJ SUHFXUVRUV LQWR WKH WDUJHW SURGXFWV 7KRVH SUHFXUVRUV VKRXOG EH FDSDEOH RI WKHUPDO










VXFKDV&X1L3WDQG3GZLWKDFWLYDWLRQHQHUJLHV UDQJLQJIURP WRN-PRODQG WKHRUHWLFDO
VWXGLHVVXJJHVWVWKDWHYHQH[RWKHUPLFGHK\GURJHQDWLRQSURFHVVHVFRXOGRFFXURYHUVRPH70VXUIDFHV
&XUUHQWO\JUDSKHQHJURZWKE\&9'XVLQJD&+SUHFXUVRULVJHQHUDOO\SHUIRUPHGRQ70VXUIDFHV








,Q FRPSDULVRQ VROLG SUHFXUVRUV DUH FRQVLGHUDEO\ XVHG IRU WKH &9'EDVHG V\QWKHVLV RI YDULRXV





VROLGSUHFXUVRUVDUHDOVRYHU\VHQVLWLYH WR WHPSHUDWXUHUHTXLULQJDFFXUDWHFRQWURORIWHPSHUDWXUH ,Q
SDUWLFXODUWKHFRQWUROODEOHV\QWKHVLVRI:EDVHG70'VLVNQRZQWREHGLIILFXOWEHFDXVHWKHVXEOLPDWLRQ








EH HYDSRUDWHG WRPHWDOOL]HGHYLFH FRQWDFWV DQG LQWHUFRQQHFWVRU WR HQFDSVXODWHYDULRXVSDUWVRI WKH
LQWHUQDOFLUFXLWU\6LQFH WKHXSSHU OLPLW WHPSHUDWXUH LVDERXW R& WKHSURFHVVLQJ WHPSHUDWXUH IRU
VHPLFRQGXFWRUPXVWEHUHGXFHG+RZHYHUKLJKWHPSHUDWXUHLVHVVHQWLDOIRUWKHV\QWKHVLVRIKLJK
TXDOLW\ WKLQ ILOPV ,Q D JHQHUDO WKHRU\ RI QXFOHDWLRQ DW WKH YDSRUVROLG LQWHUIDFH D WKHUPRG\QDPLF
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ܬ௚௦ ൌ ݄௚൫ܥ௚ െ ܥ௦൯ ൌ ܦ௚൫ܥ௚ െ ܩ௦൯Ȁߜ  
ZKHUHKJ LV WKH JDVSKDVHPDVV WUDQVIHU FRHIILFLHQW DQG LV UHODWLYHO\ LQVHQVLWLYH WR YDULDWLRQV LQ
WHPSHUDWXUHKJ§'JįZKHUH'JLVWKHJDVSKDVHGLIIXVLYLW\DQGįLVWKHERXQGDU\OD\HUWKLFNQHVV7KH
PDVVIOX[-VFRQVXPHGE\WKHVXUIDFHUHDFWLRQRIWKHJURZLQJILOPLVDSSUR[LPDWHO\SURSRUWLRQDOWR&V
ܬ௦ ൌ ݇௦ܥ௦ ൌ ܣܥ௦݁ݔ݌ሺെܧ௔Ȁ݇ܶሻ  



















LPSXULWLHV3UHYLRXVO\&9'VWUDWHJLHVZHUHXVHG LQ ORZSUHVVXUH/3 V\VWHPVRI7RUU WR
V\QWKHVL]HKLJKTXDOLW\6LEDVHGILOPVZKLFKLPSURYHG WKHFRQWUROODELOLW\RIWKHFRQWDPLQDWLRQDQG










,Q VHOHFWLQJ WKH JURZWK VXEVWUDWH YDULDEOHV RWKHU WKDQ WKH PDWHULDO RU LWV FKHPLVWU\ VKRXOG EH
FRQVLGHUHG&U\VWDOVWUXFWXUHDQGRULHQWDWLRQWH[WXUHVLQJOHDQGSRO\FU\VWDOOLQHFKDUDFWHUDQGJUDLQ
VL]HVXUIDFHPRUSKRORJ\DQGGHIHFWVDQGLPSXULWLHVKDYHSURYHQWREHFUXFLDOLQWKHQXFOHDWLRQDQG





WKH VXEVWUDWH WUHDWPHQW EHIRUH WKH JURZWK (VSHFLDOO\ WKHPLFURVWUXFWXUH DQG FU\VWDO ODWWLFH RI WKH
VXEVWUDWH KDYH FULWLFDO HIIHFWV RQ WKH YDSRU SKDVH V\QWKHVLV RI70'V )RU LQVWDQFH EHFDXVH RI WKH
VSHFLILFODWWLFHRULHQWDWLRQRIFVDSSKLUHZLWKWKHDWRPLFDOO\VPRRWKWHUUDFHVWKHV\QWKHVL]HG70'VRQ
FVDSSKLUHVXEVWUDWHVKRZHGSUHIHUHQFHIRUFHUWDLQRULHQWDWLRQUHODWHGWRWKHFU\VWDOV\PPHWU\DQGWKH






















$ VLPSOH VWUDWHJ\ IRU REWDLQLQJ 70' ILOPV LV WKH GLUHFW FKDOFRJHQDWLRQ RI SUHGHSRVLWHG 70





























:6H OD\HUV0RUHRYHU=KRXHWDO V\QWKHVL]HGKLJKTXDOLW\+DQG7¶0R7H ILOPVZLWKKLJK
KRPRJHQHLW\3UHYLRXVO\ WKHV\QWKHVLVRIKLJKTXDOLW\7¶0R7HZDVGLIILFXOWGXH WR LWV LQKHUHQW
PHWDVWDELOLW\DWDPELHQWFRQGLWLRQVGHWDLOVRI70GLWHOOXULGHVDUHSUHVHQWHGLQ6HFWLRQZLWKDVPDOO
JURXQGVWDWH HQHUJ\ GLIIHUHQFH aPH9XQLW FHOO VHQVLWLYH WR WKH H[FHVV RU GHILFLHQF\ RI7H 
7KHUHIRUHLWLVLPSRUWDQWWRGHYHORSDIHDVLEOHV\QWKHVLVPHWKRGRI7¶0R7HZLWKKLJKFU\VWDOTXDOLW\
8VLQJWKHFRQWUROOHGWHOOXUL]DWLRQRI0R2DVVKRZQLQWKHVFKHPDWLFLOOXVWUDWLRQRI)LJXUHE+










,QDGGLWLRQ WR WKH DIRUHPHQWLRQHGPHWKRGV70SUHFXUVRUVKDYHEHHQGHSRVLWHGE\GLSFRDWLQJ













7KH\ DOVR SUHVHQWHG WKH HIIHFW RI FU\VWDO RULHQWDWLRQ RI 0R RQ WKH V\QWKHVLV RI 0R6 WKLQ ILOPV
SUHIHUHQWLDOJURZWKRI0R6RQWKH0RIDFHWVGXHWRWKHKLJKHUELQGLQJHQHUJLHVRI6DWRPVRQ











IROORZV L WKH HYDSRUDWHGPHWDO R[LGH SUHFXUVRU LV LQLWLDOO\ UHGXFHG E\ 6 YDSRU WR IRUP D YRODWLOH
0R2[6\LQWHUPHGLDWHSKDVHLL0R2[6\GLIIXVHVIURPWKHFDUULHUJDVRQWRWKHWDUJHWVXEVWUDWHLLLRQ


















JURZLQJ70'PRQROD\HUVZLWK FRQWUROODEOH WKLFNQHVV DQG ODUJH JUDLQ VL]H7KHVH DSSURDFKHV KDYH
LQYROYHGWKHXVHRIDVROLG70R[LGHSRZGHUDVDSUHFXUVRUHJ0R2/HHHWDOSURSRVHGDSRLQW
WRIDFHSUHFXUVRU VXSSO\ DSSURDFK WRJURZ ODUJHGRPDLQ70'VZLWK FRQWUROODEOH WKLFNQHVVHV7KH\
UHSRUWHGWKHVXFFHVVIXOV\QWKHVLVRIVLQJOHFU\VWDOOLQH0R6IODNHVGLUHFWO\RQ6L2VXEVWUDWHE\IDFLQJ
GRZQZDUGO\WRZDUGVWKH0R2SUHFXUVRU,WKDVEHHQZLGHO\XVHGDVDIUDPHZRUNIRUWKHIDEULFDWLRQRI
70' ILOPV +RZHYHU ZLWK WKH SRLQWWRIDFH FRQILJXUDWLRQ LW LV QRW HDV\ WR UHSURGXFLEO\ REWDLQ































SHUSHQGLFXODU WR WKH JDV ÀRZ GLUHFWLRQ DQG LPSURYHG WKH XQLIRUPLW\ RI WKH SUHFXUVRU IHHGVWRFN









SUHVVXUHHYHQDW UDWKHU ORZ WHPSHUDWXUHV & WKXVKDYLQJDKLJKHUSUHVVXUH WKDQWKDWRI70
SUHFXUVRULQWKHDWPRVSKHUH)RULQVWDQFH<XHWDOXVHG0R&ODVDSUHFXUVRUWRV\QWKHVL]H0R6
RYHUDZDIHUVFDOH'HSHQGLQJRQWKHSDUWLDOSUHVVXUHRI0R&OWKH\DOVRREWDLQHG0R6ILOPVZLWKWKH
FRQWUROOHG OD\HUQXPEHUV7KH\VXJJHVWHG WKDW WKHJURZWKPHFKDQLVPRIXQLIRUP0R6 ILOPVXVLQJ
0R&O VRXUFH LV D ³VHOIOLPLWLQJ´ SURFHVVZKLFK LV DVVXPHG WR EH WKH IRUPDWLRQ RI JDVHRXV0R6
IROORZHG E\ GLIIXVLRQ WR WKH VXEVWUDWH DQG IXUWKHU SUHFLSLWDWLRQ WR WKH0R6 IODNHV+RZHYHU WKH
TXDOLW\DQGJURZWKUDWHRIWKHJURZQPDWHULDOZHUHUHGXFHGIRUH[DPSOHWKHFDUULHUPRELOLWLHVRIWKH
0R6EDVHG )(7V ZHUH RQO\ ± FP9V )XUWKHUPRUH WUDQVLWLRQ PHWDO KDOLGHV DQG












GLIILFXOW WRFRQWURO WKHYDSRUL]DWLRQRI WKHVROLGSUHFXUVRUZLWK WHPSHUDWXUH &RQVHTXHQWO\  WKH
WKLFNQHVVDQGFRYHUDJHRIWKHJURZQ70'ILOPVH[KLELWXQGHVLUDEOHYDULDWLRQV 
2QWKHRWKHUKDQGDJDVSKDVHSUHFXUVRUKDVWKHDGYDQWDJHRISURYLGLQJFRQWUROODELOLW\7KRXJKD























ORZ WHPSHUDWXUH DQG IDVW SURFHVVLQJ FRXOG EH DGYDQWDJHRXV IRU DSSOLFDWLRQV UHTXLULQJ WKHUPDO
FRPSDWLELOLW\ZLWKÀH[LEOHJODVVVXEVWUDWHVDQGORZF\FOHWLPHVIRUUROOWRUROOSURFHVVLQJ+RZHYHUWKH

















%1 DQG GLIIHUHQW 70'VPDWHULDOV WR IRUP YG: KHWHURVWUXFWXUHV LQ ZKLFKPXOWLSOH OD\HUV RI '
PDWHULDODUHYHUWLFDOO\VWDFNHGOD\HU±E\±OD\HURUVWLWFKHGWRJHWKHUVHDPOHVVO\LQDSODQHWRIRUPODWHUDO
KHWHURMXQFWLRQV +HWHURVWUXFWXUHV EDVHG RQ ' PDWHULDOV KDYH UHFHQWO\ HPHUJHG DV D QHZ DUHD RI
UHVHDUFKLQFRQGHQVHGPDWWHUSK\VLFVDQGPDWHULDOVVFLHQFH0DQ\QRYHOSK\VLFDOSURSHUWLHVUHODWHGWR
HOHFWURQ±HOHFWURQ ERQGLQJ DQG HOHFWURQ±SKRQRQ ERQGLQJ GXH WR OD\HU±OD\HU LQWHUDFWLRQV KDYH EHHQ
H[SORUHG LQ WKHVH YG: KHWHURVWUXFWXUHV ,Q DGGLWLRQ WKH HQHUJ\ EDQG DOLJQPHQW DQG FKDUJH FDUULHU
PRELOLW\RIVXFKKHWHURVWUXFWXUHVFDQEHDGMXVWHGE\VHOHFWLQJWKHFRPSRQHQWVRIWKHKHWHURVWUXFWXUH
WKDW PHHW YDULRXV DSSOLFDWLRQ UHTXLUHPHQWV 7KXV QHZ PDWHULDOV DQG V\VWHPV FDQ EH GHVLJQHG E\
DFFXUDWHO\GHVLJQLQJWKHFRPSRQHQWVDQGVHTXHQFHVXVHGWRFRQVWUXFWKHWHURVWUXFWXUHV
7KHUHDUHJHQHUDOO\WZRW\SHVRI'KHWHURVWUXFWXUHPDWHULDOVDYHUWLFDOKHWHURVWUXFWXUHLQZKLFK




LV OLWWOHRUQRGHPDQG IRU ODWWLFHPDWFKLQJEHWZHHQ WKHGLIIHUHQW OD\HUV<XHWDO UHSRUWHG D W\SLFDO
H[DPSOHRIDYHUWLFDOWUDQVLVWRUGHYHORSHGE\FRPELQLQJH[IROLDWHGJUDSKHQHDQG0R6IODNHV7KH\
SURSRVHGDQHZGHYLFHVWUXFWXUHLQVWHDGRIDFRQYHQWLRQDOGHYLFHVWUXFWXUHWKDWKRUL]RQWDOO\FRQQHFWV
























WKHILQDOSURGXFW$WKLJK WHPSHUDWXUHV aÛ&:6PRQROD\HUZDVHSLWD[LDOO\JURZQRQ WRSRI
0R6 DQG SUHGRPLQDQWO\ YHUWLFDOO\ VWDFNHG ZLWK WKH SUHIHUUHG + VWDFNLQJ RUGHU 6HYHUDO VLPLODU
UHSRUWV RI &9' JURZWK IRU YDULRXV YHUWLFDO KHWHURVWUXFWXUHV VXFK DV :60R6 :6H0R6H
:6H0R6DQG0R6:6HKDYHEHHQGHPRQVWUDWHGWKURXJKWKHVLPXOWDQHRXVUHDFWLRQRIHLWKHU70
































FDQ EH FRUURGHG E\ WKH FKDOFRJHQ YDSRU DW DQ HOHYDWHG WHPSHUDWXUH7KXV WKHUH LV QR ZD\ EXW WR
V\QWKHVL]H70'VRQWUDQVIHUUHGJUDSKHQHRUK%1IRU&9'EDVHGKHWHURVWUXFWXUHV\QWKHVLV2QH
RIWKHHDUOLHVWUHSRUWHGDWWHPSWVWRIDEULFDWHWKH0R6JUDSKHQHKHWHURVWUXFWXUHZDVE\$JRHWDOXVLQJ










0R6 & & :6 & &
0R6H & & :6H & &








6LPLODUO\ :DQJ HW DO UHSRUWHG D VFDODEOH &9' PHWKRG IRU DFKLHYLQJ 0R6K%1 YHUWLFDO
KHWHURVWUXFWXUHV$ ODUJHDUHD K%1 ILOP ZDV JURZQ RQ D &X VXEVWUDWH E\ WKH &9' PHWKRG DQG
WUDQVIHUUHGRQWRD6L26LVXEVWUDWH7KHQ0R2DQG6SRZGHUVZHUHXVHGDVSUHFXUVRUVWRJURZWKH
LQGLYLGXDO0R6GRPDLQVGLUHFWO\RQWKHHQWLUHK%1VXUIDFH<DQHWDODOVRUHSRUWHGWKHGLUHFWJURZWK
RI PRQROD\HU 0R6 RQ K%1 IODNHV H[IROLDWHG E\ VFRWFK WDSH 7KH DVJURZQ 0R6K%1
KHWHURVWUXFWXUHVKRZHGFRQVLGHUDEO\VWDEOHHOHFWULFDOHQYLURQPHQWDOVFDWWHULQJDQGDKLJKSRWHQWLDO 
+RZHYHUUHJDUGOHVVRIWKHWDUJHWVWUXFWXUHWKHVHSUHYLRXVUHSRUWVKDYHVKRZQFRPPRQGLIILFXOWLHV
DVVRFLDWHGZLWK D ORFDOL]HG JURZWK DUHD DQG D OLPLWHG IODNH VL]H RI DSSUR[LPDWHO\ VHYHUDO KXQGUHG
QDQRPHWHUVEHFDXVHRIWKHKLJKHQHUJ\EDUULHUIURPWKHLQHUWVXUIDFHRIWKHJURZWKWHPSODWH7KHUHIRUH




WKHFKDUJHWUDQVSRUW OD\HU WKHJHQHUDWHGSKRWRFDUULHUVDUHHIIHFWLYHO\ WUDQVIHUUHG IURP WKH70'VWR
JUDSKHQHEHIRUHUHFRPELQDWLRQ 
,QKHUHZHLQWURGXFHGWKHVRXUFHFRQWDFWJHRPHWU\EHWZHHQVRXUFHDQGVXEVWUDWHDQGRSWLPL]HG
GLUHFW JURZWKPHWKRG IRU KLJK TXDOLW\ DQG XQLIRUP:6 IODNHV RQ JUDSKHQHZLWK VWURQJ LQWHUOD\HU
FRXSOLQJ 7KLV DSSURDFK DOORZV WKH IRUPDWLRQ RI :6JUDSKHQH KHWHURVWUXFWXUH KDYLQJ LQFUHDVHG
GRPDLQVL]HVDQGHQKDQFHGFRYHUDJHRIPRQROD\HU:6ZLWKRXWDFRPSURPLVHZLWKWKHTXDOLW\RI:6
DQGVLJQLILFDQWGDPDJHRQJUDSKHQH3DUWLFXODUO\WKHV\PPHWULFDODQGQDUURZSKRWROXPLQHVFHQFHSHDN



















ZHUH WUDQVIHUUHG RQWR 6L26L IRU IXUWKHU LQYHVWLJDWLRQ XVLQJ D FRQYHQWLRQDO ZHWWUDQVIHU PHWKRG












































































,QWKHFDVHRI W\SH&DQHPLVVLRQWKDWZDVPXFKVWURQJHU WKDQRWKHUVZDVREVHUYHGEHFDXVHRI WKH




HPLVVLRQ DW ORZHU 3/ HQHUJ\ a H9 ZKLFK PDWFKHV WKH UHVXOW IRU ELOD\HU:6 7KLV UHVXOW
LQGLFDWHVWKHJURZWKRIIHZOD\HUHG:6DQGVXJJHVWVDSRRUXQLIRUPLW\LQWKHW\SH%KHWHURVWUXFWXUH
2QWKHEDVLVRIWKHDIRUHPHQWLRQHGUHVXOWVWKHGLUHFWJURZWKZLWKWKHVRXUFHFRQWDFWJHRPHWU\LVWKH

































JUDSKHQH HJZULQNOHV RU*%V DUH YLHZHG DV SUHYDOHQW QXFOHDWLRQ VLWHV IRU FRPPRQ JURZWK DQG
DGVRUSWLRQEHFDXVHRIWKHKLJKHUUHDFWLYLW\RIWKHVWUDLQHGVSERQGDQGH[SRVHGGDQJOLQJERQGV
+RZHYHUWKHODUJHELQGLQJHQHUJ\RIWKRVHGHIHFWVLWHVLVLQWLPDWHO\UHODWHGWRDKLJKGLIIXVLRQEDUULHU








VRXUFH FRQWDFW JHRPHWU\ 6LPLODU WR WKH UHVXOWV RI 6XEKHGDUHW DO¶V VWXG\ RQ JUDSKHQH JURZWK WKH
FORVHO\FRQWDFWHGJHRPHWU\PD\WUDSWKHDSSOLHGVRXUFHVDQGIOX[LQWKHLQWHUOD\HUVSDFH$VDUHVXOW
GXULQJWKHZKROHJURZWKWLPHWKHVORZDFFXPXODWLRQRIHYDSRUDWHG:2[DQG6YDSRUFDQEHKDYHTXDVL































































DQJOH RQ LQGLYLGXDO GRPDLQV RI JUDSKHQH DV PDUNHG ZLWK WKH \HOORZ OLQHV LQ )LJXUH  7KLV
REVHUYDWLRQ LQGLFDWHV WKDW WKHJURZWKRI:6 IODNHVZDV HSLWD[LDO IROORZLQJ WKHPRVW HQHUJHWLFDOO\
SUHIHUUHGRULHQWDWLRQVRQJUDSKHQH7RVWXG\LQGHWDLOWKHODWWLFHRULHQWDWLRQVDQGDWRPLFVWUXFWXUHRI
:6 RQ JUDSKHQH7(0ZDV HPSOR\HG IRU H[DPLQLQJ YDULRXV UHJLRQV RI WKH VDPSOH )LJXUH
)LJXUH D VKRZV D UHSUHVHQWDWLYH EULJKWILHOG %) 7(0 LPDJH RI D :6 IODNH DQG JUDSKHQH
VXSSRUWHGRQDQ$X7(0JULG7KHVHOHFWHGDUHDHOHFWURQGLIIUDFWLRQ6$('SDWWHUQRIWKHWULDQJXODU




ZHOODOLJQHG LQ WKH VDPHRULHQWDWLRQ*HQHUDOO\ LW LVGLIILFXOW IRU WZRKLJKO\PLVPDWFKHG ODWWLFHV WR
FRPPHQVXUDWH WKHLU ODWWLFH RULHQWDWLRQV EHFDXVH RI WKH ODUJH LQGXFHG VWUDLQ EHWZHHQ WKH WZR OD\HUV
1HYHUWKHOHVVLWLVSRVVLEOHEHFDXVHDOORIWKHUHPDLQLQJVWUDLQLVH[SHFWHGWREHDFFRPPRGDWHGLQWKH
YDQGHU:DDOVJDSZKLFKLVFDOOHGYDQGHU:DDOVHSLWD[\:HUHFRUGHG')7(0LPDJHVE\VHWWLQJ
WKH DSHUWXUH WR:6 )LJXUH F DQG JUDSKHQH )LJXUH G GLIIUDFWLRQV LQ WKH 6$(' SDWWHUQ
1RWDEO\DFOHDUDQGXQLIRUPFRQWUDVWRIWKHHQWLUHWULDQJXODUIODNHLQGLFDWHVWKDWWKHJURZQ:6IODNH


















































+RZHYHU WKH GHSRVLWLRQ RI DONDOLPHWDO UHVLGXDO SDUWLFOHV RU OD\HUV RQWR WKH VXEVWUDWH VXUIDFH LV
XQDYRLGDEOH)LJXUHLV6(0LPDJHVRI0R6OD\HUJURZQRQWR6L2VXEVWUDWHXVLQJ1D&ODVDQ







































0DQ\ LQWULJXLQJ SK\VLFDO LVVXHV KDYH EHHQ GHWHFWHG LQ VXFK KHWHURVWUXFWXUHV DQG QRYHO GHYLFHV
WXQQHOLQJ WUDQVLVWRUV DQG OLJKWဨHPLWWLQJ GLRGHV HWF ZLWK XQSUHFHGHQWHG SHUIRUPDQFH KDYH EHHQ
FRQVWUXFWHG
7KH FRQVWUXFWLRQ RI 0;*U YHUWLFDO KHWHURVWUXFWXUHV ZLWK FOHDQ LQWHUIDFHV LV SUHUHTXLVLWH IRU
SUHVHUYLQJWKHLUXQLTXHSURSHUWLHV)RUWKHPRPHQWOD\HUဨE\ဨOD\HUVWDFNLQJRIPHFKDQLFDOO\H[IROLDWHG
0;DQG*UZLWKVFRWFKWDSHVLVFRPPRQO\XVHGIRUWKHKHWHURVWUXFWXUHFRQVWUXFWLRQ+RZHYHUWKLV








ZLWKPLQLPDO FKDUJHG LPSXULWLHVDQGGHIHFWV HYHQRQ WKH LQHUW JUDSKHQHEDVDOSODQH7KLVXQLIRUP
QXFOHDWLRQUHVXOWVLQDJHQXLQHYDQGHU:DDOVHSLWD[\ZLWKRXWWKHLQWHUUXSWLRQRIORFDOO\VWUDLQHGGHIHFW


























































SUHYHQWV WKH 7H GHILFLHQF\ LQ WKH UHVXOWLQJ 0R7H FU\VWDO 7KLV FKDUDFWHULVWLF DOORZV 0 DWRPV WR
HIIHFWLYHO\GLIIXVH LQWRWKH&X[7H\PDWUL[GXULQJJURZWKDQGWKHQWR UDSLGO\UHDFWZLWKVXIILFLHQW7H
DWRPV OHDGLQJ WR WKH IRUPDWLRQRIKLJK\LHOGVLQJOHFU\VWDOOLQHQDQRVWUXFWXUHVRI0R7HZLWKLQWKH




































LV XQLIRUP DQG FOHDQ+RZHYHU DIWHU EHLQJ VWRUHG DW URRP WHPSHUDWXUH a R&ZLWKRXW GHVLFFDQW
UHODWLYHKXPLGLW\aIRUPRQWKVDVLJQLILFDQWVXUIDFHGHJUDGDWLRQZLWKWULDQJXODURUKH[DJRQDO
SLWVZDVREVHUYHGDVVKRZQLQ)LJXUHF6HYHUDOVKDOORZSLWVDOVRFDQEHIRXQGRQWKHVXUIDFHWKURXJK






























0R62՜ 0R262    
0R22+՜ 0R2+2    








VWUXFWXUDO DQGPRUSKRORJLFDO GHIHFW VLWHV )LJXUH  SUHVHQWV WKH %6(6(0 LPDJHV RI WKH FU\VWDO
VXUIDFHLQVHTXHQFH,QWKHVHLPDJHVGDUNVSRWVRFFXURYHUWLPHRQWKHFU\VWDOVXUIDFHWKDWXVHGWRKDYH
DEULJKWDQGXQLIRUPFRQWUDVW)LJXUHDDQGDUHHYHQWXDOO\FRPSOHWHO\FRYHUHGDVVKRZQLQ)LJXUH













































DQGVWUXFWXUDOGHIHFWVRI70'V  +RZHYHU VXEVHTXHQWH[SHULPHQWDODQG WKHRUHWLFDO UHVXOWV WR







ORZHQHUJ\ WDLOZKLFK LQGLFDWHV WKDW WKH HPLVVLRQ IURP QHXWUDO H[FLWRQV LV VWURQJHU WKDQ WKDW IURP
FKDUJHG H[FLWRQV &RPSDUHG WR WKH 3/ VSHFWUD RI :66L2 ):+0 RI a PH9 WKLV UHVXOW
GHPRQVWUDWHVWKDWFKDUJHGLPSXULWLHVDQGVWUXFWXUDOGHIHFWVKDYHH[WUHPHO\VPDOOLPSDFWRQ:6*U
+RZHYHUWKHEURDGHQLQJRIWKH3/SHDNLVQRWRQO\GXHWRWKHFU\VWDOTXDOLW\WKHVXEVWUDWHHIIHFWDOVR











DSSOLHG ORFDO VWUDLQ LQ ERWK FU\VWDOVZH XWLOL]HG 3/ DQG5DPDQPDSSLQJV DQG FRPSDUHG WKH FRORU
FRQWUDVWVLQGXFHGIURPWKHVKLIWVRIHDFKVLJQDO)RUERWKWKHLQWHQVLW\DQGSRVLWLRQPDSSLQJV:6*U
VKRZVKRPRJHQHRXVFRQWUDVWWKURXJKWKHHQWLUHVLQJOHIODNH)LJXUHEFZKLFKFRQWUDVWVZLWKWKH
LQKRPRJHQHRXV PDS RI:66L2 ZLWKLQ D VLQJOH GRPDLQ )LJXUH GH ,Q D SUHYLRXV VWXG\ D









































GHVSLWH WKHKLJKUHDFWLYLW\DW WKHVHHGJHV)XUWKHUPRUHLQFOHDUFRQWUDVW WR WKHQHDUO\YDQLVKHG:6
IODNHVRIWKHVDPHVDPSOHDJHGIRUGD\V)LJXUHHDQGERWWRPDUHDLQ)LJXUHWKHGHOD\HG
DJLQJLQWKHGHIHFWVLWHQXFOHDWHG:6*UIODNHV DORQJ WKHEOXHOLQHLQ)LJXUHDQG:6WI*U





















D ZKLFK LV LQ DJUHHPHQW ZLWK WKH SUHYLRXV WKHRUHWLFDO DQG H[SHULPHQWDO UHSRUWV
7KHUPRG\QDPLFDOO\WKH6YDFDQFLHVRU:HGJHVKDYHKLJKPROHFXODUDIILQLWLHVDQGERQGZLWKDEVRUELQJ
VSHFLHV LQ DPELHQW DLU VXFK DV +2 DQG 2 WR FRPSHQVDWH WKH XQVDWXUDWHG FKDUJHV RI WKH: G
RUELWDOV,QWKHFDVHRI:6*UZHSURSRVHWKDWWKHWUDQVIHUUHGH[WUDFKDUJHVPD\FRPSHQVDWHWKH
XQVDWXUDWHG:RUELWDOV E\ VWURQJ ELQGLQJ EHWZHHQ WKH WZR OD\HUV VXFK DV D VWURQJ FKDUJHWUDQVIHU












































HSLWD[\ ZLWK QHJOLJLEOH ODWHUDO VWUDLQ DQG VWURQJ LQWHUOD\HU FRXSOLQJ LQ WKH XQLIRUP:6JUDSKHQH
KHWHURVWUXFWXUHV%HFDXVHRIWKHKLJKFU\VWDOOLQLW\DQGFKDUJHWUDQVIHUHIIHFWWKH:6JUDSKHQHVDPSOHV
KDYHDFOHDQXQLIRUPVXUIDFHZLWKRXWDQ\HQFDSVXODWLRQHYHQDIWHUGD\VLQDPELHQWDLUFRQGLWLRQV




FDUHIXO RSWLPL]DWLRQ RI WKH FDSSLQJ RU HQFDSVXODWLRQ OD\HU IRU SURORQJHG VWDELOLW\ XQGHU DPELHQW
FRQGLWLRQV$QRWKHUIDFWRUWKDWQHHGVWREHVWXGLHGLQGHWDLOLVWKHUROHRIWKHVXEVWUDWH6XEVWUDWHVWKDW





























ZLWK D EURNHQ ODWWLFH V\PPHWU\ D PRGLILHG HQHUJ\ ODQGVFDSH DQG TXDQWXP FRQILQHPHQW 











HOHFWULFDO SURSHUWLHV ERWK W\SHV RI:6 IODNHV KDYH WKH VDPH FU\VWDO VWUXFWXUH GHVSLWH WKH DWRPLF
GLVSODFHPHQWDQGODWWLFHGLVWRUWLRQEHQHDWKWKH':6IODNHV7KLVGLVFUHSDQF\LQPDWHULDOSURSHUWLHV
VXJJHVWVWKDWWKHGHIHFWVRIWKHXQGHUO\LQJWHPSODWHJUDSKHQHKDYHDVWURQJLQIOXHQFHRQWKHLQWHUOD\HU






























RSHUDWHGDW9'&ELDV    
:6*UKHWHURVWUXFWXUHVZHUHDQDO\]HGXVLQJDQDEHUUDWLRQFRUUHFWHG)(,7LWDQFXEH*
ZLWKDPRQRFKURPDWRU,WZDVRSHUDWHGDWN9DQGW\SLFDOHOHFWURQEHDPGHQVLWLHVZHUHDSSUR[LPDWHO\
u  HQP LQ RUGHU WR UHGXFH EHDPGDPDJH WR WKH VSHFLPHQ6HOHFWHG DUHD HOHFWURQ GLIIUDFWLRQ

























































UHVROXWLRQ VFDQQLQJ 7(0 67(0 LPDJHV IURP WKH VDPH IODNHV DV VKRZQ LQ )LJXUHV E DQG F




















KRZHYHU DQ REYLRXV FRQWUDVW GLIIHUHQFH LV REVHUYHG LQ WKH SKDVH LPDJH )LJXUH F WKDW ZDV
VLPXOWDQHRXVO\DFTXLUHGZLWK)LJXUHDXVLQJWDSSLQJPRGH$)0&RPSDUHGWRERWK%:6IODNHV
DQGDQH[SRVHGJUDSKHQHVXUIDFH':6IODNHVVKRZPXFKEULJKWHUFRQWUDVW$SKDVHLPDJHLVREWDLQHG
E\ UHFRUGLQJ WKHSKDVH VKLIWEHWZHHQ WKHH[FLWDWLRQ IRUFHDQG WKH WLS UHVSRQVH3UHVHQWO\ WKLV$)0
WHFKQLTXH LV DYHUVDWLOH WRRO IRUPDSSLQJYDULDWLRQV LQ WKH FRPSRVLWLRQ IULFWLRQYLVFRHODVWLFLW\ DQG
DGKHVLRQRIVXUIDFHVZLWKQDQRVFDOHVSDWLDOUHVROXWLRQ7KHSKDVHVKLIWDQJOHοɔLVUHODWHGWRWKHORFDO
HQHUJ\GLVVLSDWLRQܧௗ௜௦RQWKHVXUIDFHDFFRUGLQJWRWKHIROORZLQJ(TXDWLRQ










ZKHUH ܣ௦௣ LVWKHDPSOLWXGHVHWSRLQWRIWKH$)0FDQWLOHYHURVFLOODWLRQV ܣ଴ LVWKHIUHHRVFLOODWLRQ
DPSOLWXGHDQG ݇ DQG ܳ DUHWKHIRUFHFRQVWDQWVRIWKH$)0FDQWLOHYHUDQGTXDOLW\IDFWRUUHVSHFWLYHO\
%DVHG RQ )LJXUH F WKH PHDVXUHG οɔ RI %:6 ':6 DQG JUDSKHQH DUH R R DQG R
UHVSHFWLYHO\ 7KLV PHDVXUHPHQW ZDV SHUIRUPHG VLPXOWDQHRXVO\ ZLWK WKH VDPH$)0 FDQWLOHYHU DQG
LPDJLQJFRQGLWLRQVR(TXDWLRQLVGHWHUPLQHGRQO\E\WKHYDOXHRI οɔ$VDUHVXOWWKHEULJKWHU
SKDVHFRQWUDVWRI':6IODNHVLQGLFDWHVDVPDOOHUYDOXHRI ܧௗ௜௦VXJJHVWLQJWKDW':6IODNHVDUHOHVV
GHIRUPDEOH WKDQ%:6 IODNHV DQG WKH H[SRVHGJUDSKHQHDUHD+RZHYHU DFFRUGLQJ WR WKHSUHYLRXV
VWXGLHVWKDWXVHGPXOWLOD\HUHGYG:PDWHULDOVWKHWRSOD\HULVSURQHWRGHIRUPDWLRQDQGKDVDODUJHU






PRGH6(0LPDJHVRI:6 IODNHVRQJUDSKHQHEHIRUHDQGDIWHUDQQHDOLQJDW R& LQDPELHQWDLU








































ܧ௕ ൌ ܧௐௌమ ൅ ܧ௚௥௔௣௛௘௡௘ െ ܧ௧௢௧௔௟ 




LQ SUHYLRXV UHSRUWV )RU':6ZH WDNH WKH RUWKRUKRPELF VXSHUFHOO 'HWDLOHG LQIRUPDWLRQ VHHQ LQ
H[SHULPHQWDOVHFWLRQZKLFKZDVPDGHRIRQHRIWKHPRVWVWDEOHODUJHDQJOH*%VWUXFWXUHRIJUDSKHQH

































SUHGLFWHG':6FDVHVKRZV WKDWFKDUJHUHGLVWULEXWLRQPRVWO\RFFXUV LQWKHFRQWDFW UHJLRQEHWZHHQ
:6DQG:VXEVWLWXWHG*U*%RULJLQDWLQJIURPWKHK\EULGRUELWDOV 
,QDGGLWLRQWRWKHFDOFXODWLRQVZHDOVRSHUIRUPHGDQ((/6VWXG\WRKDYHDEHWWHUXQGHUVWDQGLQJRI
WKH ERQGLQJ QDWXUH EHWZHHQ WZR KHWHURVWUXFWXUHV$Q ((/6 LQ 67(0 SURYLGHV LQIRUPDWLRQ RQ ʌ
SODVPRQ DQG ʌı SODVPRQ ZLWK FRQVLGHUDEOH LQSODQH FRPSRQHQWV IURP VHYHUDO PLOOLUDGLDQV RI
FROOHFWLRQ DQJOHV $V REVHUYHG LQ )LJXUHV EH WKHUH DUH QR GLIIHUHQFHV EHWZHHQ WKH ODWWLFH
SDUDPHWHUVRUVWUXFWXUHVRI%DQG':6IODNHV+RZHYHU)LJXUHVKRZVVLJQLILFDQWO\GLIIHUHQW
ORZORVVHOHFWURQH[FLWDWLRQVRIJUDSKHQHLQ%:6DQG':6IODNHV7KHʌSODVPRQSHDNDWDURXQG
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7KH IRUPDWLRQ RI LQWHUIDFLDO ERQGLQJ VKRXOG KDYH D GLUHFW HIIHFW RQ WKH HOHFWURQLF DQG MXQFWLRQ





















































ZLWKRXW DWRPLF GLVWRUWLRQV RU GHIHFW IRUPDWLRQ8VLQJ H[SHULPHQWDO DQG FRPSXWDWLRQDO VWXGLHV WKLV
GLIIHUHQFHLQEHKDYLRURI':6IODNHVLVDWWULEXWHGWRWKHIRUPDWLRQRIFRYDOHQWERQGVYLD:DWRPLF
EULGJHVDWGHIHFWVLWHV2XUUHVXOWVUHYHDOWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHLQWHUOD\HUERQGLQJDQG
VWUXFWXUDOGLIIHUHQFHVFDQDIIHFWWKHIXQGDPHQWDOSURSHUWLHVRI'KHWHURVWUXFWXUHVDQGSURYLGHPDWHULDOV
XVHIXOIRUDZLGHVSHFWUXPRIHQJLQHHULQJDSSOLFDWLRQV7KLVQHZGHIHFWPHGLDWHGKHWHURVWUXFWXUHDQG
LWVQHZSURSHUWLHVH[WHQGWKHYDULRXVSRVVLELOLWLHVIRUDZLGHVSHFWUXPRIHQJLQHHULQJDSSOLFDWLRQVDQG
DOVRHPSKDVL]HWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHLQWHUOD\HUFRXSOLQJLQWKHVWDFNLQJDQGLQWHUOD\HU
JHRPHWULHVDQGLWVFRUUHODWLRQHIIHFWIRUGHVLJQLQJGHVLUDEOHSURSHUWLHV



&+$37(5
&RQFOXVLRQDQG'LVFXVVLRQ

$VPHQWLRQHGLQWKHSUHYLRXVFKDSWHUDOWKRXJKYHUWLFDOKHWHURVWUXFWXUHVFDQEHHDVLO\IDEULFDWHG
WKURXJKDPXOWLSOHVWHSDOLJQHGWUDQVIHUPHWKRGWKLVPHWKRGLVWLPHFRQVXPLQJDQGUHVLGXDOSRO\PHU
DQGXQDYRLGDEOHFRQWDPLQDQWVKDYHQHJDWLYHHIIHFWVRQWKHSURSHUWLHVRIDVPDGHKHWHURVWUXFWXUHV
&RQWUROOHGVFDODEOHV\QWKHVLVRIPXOWLMXQFWLRQYDQGHU:DDOVYG:KHWHURVWUXFWXUHVZLWKFOHDQ
LQWHUIDFHLVVWLOOWKHERWWOHQHFNRISUDFWLFDODSSOLFDWLRQV7KHUHIRUHDQDOO&9'PHWKRGPXVWEH
GHYHORSHGIRUJURZLQJKLJKTXDOLW\YHUWLFDOKHWHURVWUXFWXUHV
,QWKLVGLVVHUWDWLRQ,KDYHGHDWZLWKWKHZLWKWKHV\QWKHVLVDQGFKDUDFWHUL]DWLRQRIVHPLFRQGXFWLQJ
'70'VDQGWKHLUKHWHURVWUXFWXUHVHVSHFLDOO\ZLWKJUDSKHQHIRUHPHUJLQJDSSOLFDWLRQV$WILUVWWKH
GLUHFWJURZWKPHWKRGIRUREWDLQLQJKLJKTXDOLW\XQLIRUP:6JUDSKHQHKHWHURVWUXFWXUHZLWKVWURQJ
LQWHUOD\HUFRXSOLQJZDVSURSRVHG:HDFKLHYHGWKHXQLIRUPQXFOHDWLRQRIPRQROD\HU:6IODNHVRQ
DQLQHUWEDVDOSODQHRIJUDSKHQHE\LQWURGXFLQJVRXUFHFRQWDFWJHRPHWU\7KLVXQLIRUPQXFOHDWLRQ
UHVXOWVLQDJHQXLQHYG:HSLWD[\ZLWKQHJOLJLEOHODWHUDOVWUDLQDQGSURPRWHVFKDUJHWUDQVIHUEHWZHHQ
WKHWZROD\HUV7KXVRXUHSLWD[LDOO\JURZQ:6JUDSKHQHVDPSOHVVKRZVXSHULRUVWUDLQKRPRJHQHLW\
DQGKLJKFU\VWDOTXDOLW\ZLWKH[WUHPHO\ORZOHYHOVRIFKDUJHGLPSXULWLHVDQGGHIHFWV 
)XUWKHUPRUHIRUVWDEOHGHYLFHIDEULFDWLRQDQGRSHUDWLRQXQGHUVWDQGLQJRIWKHLUDLUVWDELOLW\LV
KLJKO\LPSRUWDQW,QWKLVZRUNWKHLQYHVWLJDWLRQRQHQYLURQPHQWDOVWDELOLW\DQGR[LGDWLRQPHFKDQLVP
RI+70'VZHUHREVHUYHGLQWLPHVHTXHQFH0HDQZKLOHRXUHSLWD[LDOO\JURZQ:6*UVDPSOHV
KDYHDFOHDQXQLIRUPVXUIDFHZLWKRXWDQ\HQFDSVXODWLRQHYHQDIWHU\HDUVLQDPELHQWDLUFRQGLWLRQV
:HDOVRVKRZWKDWJUDSKHQHVXEVWUDWHVSURKLELWWKHDJLQJSKHQRPHQDLQERWKRIWKHEDVDOSODQHVDQG
HGJHVRI'70'VIODNHVFRPSDUHGWRWKHFRPPRQO\REVHUYHGVKRUWWHUPGHJUDGDWLRQRI70'
IODNHV%DVHGRQWKHVHUHVXOWZHGHPRQVWUDWHWKDWKLJKFU\VWDOOLQLW\LVDNH\IDFWRUWKDWGHWHUPLQHVWKH
KLJKDLUVWDELOLW\DQGILUVWO\UHYHDOWKHFKDUJHWUDQVIHULQGXFHGGRSLQJDVDQDGGLWLRQDOIDFWRUIRUWKH
HQKDQFHGDLUVWDELOLW\ 
6LQFHGDQJOLQJERQGVDWYDFDQF\GHIHFWVFXUYHGZULQNOHVDQGJUDLQERXQGDULHV*%VDUHPRUH
UHDFWLYHDQGKDYHLQWHUDFWLRQVWUHQJWKVGLIIHUHQWIURPWKDWRIDSULVWLQHUHJLRQWKHVWUXFWXUDO
FKDUDFWHULVWLFVRIJUDSKHQHDVZHOODVMXVWJUDSKHQHLWVHOIFDQDIIHFWWRWKHSURSHUWLHVRI70'V8VLQJ
RXU:6*UVDPSOHVZHDOVRVWXGLHGWKHHIIHFWVRIDWRPLFDQGVWUXFWXUDOGHIHFWVRQWKHLQWHUOD\HU
SURSHUWLHVRUFRQILJXUDWLRQLQWKHYDQGHU:DDOVKHWHURVWUXFWXUHVKDYHEHHQWKRURXJKO\LQYHVWLJDWHG
DQGSUHVHQWHGWKDWWKHGLIIHUHQFHVDUHDWWULEXWHGWRWKHIRUPDWLRQRIFRYDOHQWERQGVDWGHIHFWVLWHVRQ
JUDSKHQHVXUIDFH 
7KHVHUHVXOWVUHYHDOWKHLPSRUWDQFHRIXQGHUVWDQGLQJWKHLQWHUOD\HUFRXSOLQJLQVWDFNLQJ
JHRPHWULHVDQGLWVFRUUHODWLRQHIIHFWIRUGHVLJQLQJGHVLUDEOHSURSHUWLHVLQ'YG:KHWHURVWUXFWXUHVIRU


IXWXUHGHYLFHDSSOLFDWLRQV7KHSUDFWLFDODSSOLFDWLRQRIKHWHURVWUXFWXUHVLVVWLOODWDQHDUO\VWDJH,QWKLV
VHQVHLWLVH[SHFWHGWKDWRXUUHVXOWVFDQSDYHWKHZD\IRUWKHUHDOL]DWLRQRIKLJKSHUIRUPDQFHDQGDLU
VWDEOHYG:KHWHURVWUXFWXUHEDVHGHOHFWURQLFDQGRSWRHOHFWURQLFGHYLFHVLQWKHQHDUIXWXUH 

 


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